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Abstarct. The article considers the study of polyvinylchloride film properties and their change
on exposure to microwave radiation with relatively low doses of energy. The work relevance is
caused by wide application of products on PVC basis and their good interaction with
electromagnetic radiation. The experiments have shown the improvement of operational
properties at energy doses from 10 to 30 kJ / kg The proposed method is more
environmentally friendly, energy efficient compared with traditional methods of improving the
polyvinylchloride film properties.

1. Introduction

Improving the physical and mechanical properties of polymer materials is an urgent challenge, and its
solution should significantly improve the quality and service life of polymer products. In recent years,
a large number of papers have been published showing the results of successful application of
ultrahigh-frequency electromagnetic radiation (microwave EMR) to modify the physical and
mechanical properties of polymer materials [1-4]. At the same time, the most interesting is the so-
called non-thermal modification of polymers, when the amount of microwave energy absorbed by the
substance does not lead to a significant change in the temperature of the material, but makes a
significant change in the physical and mechanical properties. This paper presents the results of an
experimental study of polyvinyl chloride property changes at different doses of absorbed microwave
EMR energy. The relevance of such studies is due, on the one hand, to the wide use of this polymer in
manufacturing various products, in particular, for large-capacity production of insulating coating of
pipeline systems [5], and on the other hand, a relatively high (compared with other polymers)
microwave radiation absorption. So, for example, as follows from the experimental data given in [6],
the characteristic penetration depth of microwave EMR into the polymer substance, in which the
electric field intensity vector decreases by e times (e = 2.7- base of the natural logarithm) at emission
frequency of 2.45 GHz, for polyvinyl chloride is about 10 cm, for polyethylene terephthalate — about
28 cm, polypropylene — about 34 cm, polyethylene is about 41 cm.

2. Experimental procedure. Results and discussion

The pilot installation on studying the interaction of polyvinylchloride with microwave EMR consisted
of a microwave generator with a changeable power output up to 1 kW with a radiation frequency of
2.45 GHz, an emitting system, a working chamber, adjusting the loads and equipment for measuring
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the power and temperature of the sample. By changing the mass of the sample, the exposure time and
emission power it was possible to change the specific (J/kg) dose of the absorbed radiation [7].

Figure 1 shows the observed dependence of tensile strength change of polyvinylchloride film and
electrical resistance depending on the specific absorbed energy of microwave EMR. Measurement of
mechanical properties, in particular, the actual breaking stress was carried out according to GOST
25945 and GOST 2678. The absolute actual breaking stress of non-radiated PVC film was ~38 MPa.

Determining the electrical resistivity of the polyvinylchloride film was being carried out by times
of charge leakage at a constant humidity.
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Figure 1. Dependence of tensile strength on specific absorbed energy.

As it follows from the above dependences that there is a slight increase of strength properties with
a specific absorbed energy being less than 10 kJ/kg, and at a dose of more than 30 kJ/kg, there is a
decrease compared with an unmodified sample. In the energy range from 15 to 20 kJ/kg there is an
increase in the actual breaking stress for more than 1.5 times. The same graph shows that with the
specified range of the radiation dose of microwave EMR the volumetric electric resistivity, determined
by the presence of free charges in the polymer and their mobility, shows the maximum value. Thus, it
can be assumed that with an increase in the specific electrical resistance, there is a decrease in free
charges, due to the formation of additional bonds and conformational changes of macromolecules,
which leads to an increase in tensile strength [8-10].

Moisture regain in polymer films used for insulating coatings is to be one of the defining
parameters along with mechanical strength and adhesion.

Figure 2 shows the dependence of moisture regain in polyvinylchloride film modified in
microwave electromagnetic field as for the exposure time. As well as in the previous case, in the range
of 10-20 kJ/kg doses there is a halve reduction of moisture regain. The decrease in values can be
explained by the increase of spatial grid density of polymer macromolecules due to the formation of
cross bonds. At the same time, the swelling rate decreases, indicating the creation of more rigid
structure of the modified polymer.
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Figure 2. Dependence of moisture regain on specific absorbed energy.

To identify the mechanism of microwave EMR influence on polyvinylchloride structure, the
differential-scanning calorimeter studies were carried out to determine the glass transition temperature,
the temperature and starting time of hydrogen chloride release and the polymer heat capacity.
Experimental studies were carried out using the DSC Q200 device with a step heating mode at a speed
of 10 °C/min. The results of the experiments are shown in Figure 3.
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Figure 3. Dependence of time and temperature of starting HCl release on specific absorbed power.

As we can see from the above graphs there is an increase in the time and temperature of the starting HCI
release in the range of doses from 12 to 23 kJ/kg. Increasing time of dehydrochlorination of PVC film allows
us to conclude that the increase in mechanical strength in this range of microwave doses is not due to
hydrogen chloride release, but the mechanisms associated with the formation of additional intermolecular
bonds under the influence of an electromagnetic field.

The results of the experiments on the interaction of polyvinylchloride with electromagnetic radiation of the
ultrahigh frequency range shows that there is an irradiation dose interval of 10-20 J/kg, which makes a
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creation of additional relationship between the polymer macromolecules and their conformational changes
leading to an increase in mechanical strength, electrical resistance and a decrease in moisture regain.

To confirm this approval there was a study of polymer insulating materials by the images of their structure
(Figure 4) obtained with the use of scanning probe microscope with high resolution type NT-MDT Integra
Prima in atomic force mode, using a probe type NSG11.

The PVC film not-treated by microwave radiation has an amorphous structure (Figure 4A). Under the
influence of microwave radiation the orientation of the lateral branches of PVC macromolecules changes,
which contributes to the growth of a number of crystallization centers, ordering the structure and the reduction
of free volume areas init [11].

As a result, the total volume of amorphous regions of the structure decreases due to the resulting
crystalline phase (Figure 4B), which is accompanied by an increase in the degree of ordering in the
arrangement of polymer macromolecules. PVC molecules are rebuilt in parallel lines, which represent a sign
of the growth of its crystallinity, which improves the physical and mechanical properties of PVC film [12].

The results of this experiment has shown that being exposed of PVC to UHF EMR there are "new"
supramolecular formations, providing the improved physical and mechanical properties of the polymer
material, the main reason for their creation is the movement of polymer chains inside the crystalline
formations initiated by electromagnetic effects.

b)

Figure 4. Structure of PVC film. 1 — non-crystalline; 2 — crystalline;
a — without MW treatment; b — after MW treatment (15 kJ/kg).

3. Conclusion

The principal possibility of using microwave radiation for carrying out purposeful reconstruction of
polar polymer structure providing the improvement of physical and mechanical properties has been
experimentally proved. In addition, the investigated method of improving the operational
characteristics has less energy consumption and more environmentally friendly than the traditional
method [13, 14] of hardening, wherein the energy costs are about 40-80 kJ/kg. This makes it possible
to develop an effective technology [15] and apparatus [16] by the use of electromagnetic radiation to
improve the performance of polyvinylchloride products.
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